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(54) Shoe sole component and shoe sole component construction method 



(57) A high polymer resin material is configured into 
a shoe sole component having a plurality of inwardly 
extending indentations in one or both of the top and bot- 
tom members of the component The indentations 
extend into the interval between the members and adja- 
cent to the opposite member to provide support mem- 
bers for the sole component The sole component can 



be constructed by molding upper and lower sole compo- 
nent halves wherein the molds are configured to provide 
indentations in the top and bottom members. The upper 
and lower sole component halves are then joined to 
complete the sole component. 
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Description 



[0001] This application is a continuation-in-part of U.S. application Serial No 07/766.736 filed September 26. 1991. 
[0002] The present invent! n relates to shoe sdes and sho sole components and to methods of manufacturing shoe 
soles and shoe sole components. More particularly, the invention relates to a flexible high potym r resin shoe sole or 
sole component and a method of thermofbrming a shoe sole or sole component 

[0003] A shoe generally consists of two basic parts, an upper and a sola The upper is generally designed to enclose 
and provide cushioning to the foot. The upper also typically Includes an insole to provide initial support and cushioning 
. to the bottom of the foot. The ipperis attached to a sole which provides additional protection and cushioning primarily 
to the bottom of the foot The sole also imparts stability to the shoe. 

L°°?!L 1716 increase in demand ** shoes sports and outdoor activities such as walking, running, hiking, tennis, 
basketball and numerous other high activity sports has prompted many advances in shoe design to provide improved 
protection and comfort to the feet, ankles, legs. hips. etc. Efforts to improve shoes have centered on decreasing shoe 
weight and improving cushioning, flexibility, and stability. In addition, shoe soles are desired with improved memory 
shock dispersion capabilities and energy return. 

[0005] The effort to design improved shoes has prompted increased study of foot dynamics in general and the study 
of foot dynamics as it relates to particular activities such as running, basketball and other specific activities. The com- 
bination of research and research responsive shoe design has resulted in shoes designed for specific activities. For 
example, the pressures exerted by a foot on a sole when walking are different from the pressures exerted by a foot when 
running, or when playing tennis, etc. Accordingly, the modem sport shoe design takes into account the specific require- 
ments of shoes used for particular activities. In addition, modern sport shoe design attempts to take into account the 
specific needs of the individual, such as weight foot width and other incfividual characteristics such as pronation and 
supination. Thus, general considerations such as shoe weight, cushioning, flexibility and stability are taken into account 
in designing sport shoes for particular activities and individual needs. Although the functional characteristics of the shoe 
are of primary importance, other factors such as cost and appearance of the shoe must be taken into account for full 
consumer satisfaction. 

[0006] Sport shoe refinements have concentrated particularly on the sola Sport shoe soles typically have two com- 
ponents, the midsole and the outsole. The outsole is the ground-contacting portion of the sole and provides traction and 
protection to the remainder of the sole. Outsoles. accordingly, are composed of durable materials, such as rubber, 
which provide both traction and high abrasion resistance. The midsole contributes to foot stability and is the primary 
shock absorption member of the sole. The midsole is composed generally of a softer, more flexible material than the 
outsole. Since the midsole is important to such factors as stability and shock absorption, the design of the midsole has 
received considerable attention by sport shoe manufacturers. 

[0007] Typically, midsole construction centers around plastics expanded into foams which are then shaped in a 
number of ways to accommodate a shoe upper. The foam midsole is then covered with a more durable sheet erf outsole 
material, usually rubber, to provide the sole with adequate abrasion resistance and traction. Attaching an outsole to a 
foam midsole is generally a labor-intensive process. For example, attaching a rubber outsole to a midsole requires 
abrading the surface of the midsole, washing the surface with a solvent, layering both the midsole and outsole surfaces 
with cement where they are to be joined, then activating the treated surfaces, usually with heat. This is followed by 
touch-up and decoration processes. 

[0008] A foam midsole material by itself is generally inadequate to provide the stability and cushioning demanded for 
modern sport shoes. The foams used in current soles have insufficient external surface tension by themselves to pro- 
vide the required stabilizing forces in response to pressures exerted on a sole. This is especially true with extremely low 
density foams employed to minimize weight. Moreover, current foam mkJsoles quicMy lose their ability to adequately 
cushion, often after as little as 20% of the shoe life. 7 
[0009] The problems of stability and cushioning associated with the use of foam midsoles has prompted several 
approaches for increasing stability and prolonging the cushioning properties of midsoles. Efforts to improve stability 
have centered on the use of inserts of denser, more rigid materials than the main midsole component, such as dense 
foam plugs or solid thermoplastic inserts. These are either inserted directly into the foam midsole component before 
cunng or cemented into place afterwards in another labor-intensive process. Efforts to improve cushioning while main- 
taining adequate stability have centered on the use of flexible thermoplastic inserts and liquid or gas filled inserts 
These inserts also are generally encapsulated in the main midsole component Thus, modern sole design has centered 
on constructing soles having varying degrees of flexibility in selected areas of the sole. For example, inserts can include 
foamed plugs of material harder or softer than the main midsole component As stated, the inserts are typically encap- 
sulated in the midsole material to provide areas in the midsole of lesser flexibility where increased stability is desired 
and areas of greater flexibility where increased cushioning is desired. Other approaches include the use of resilient 
spheres embedded in the midsole by casting or Section moldng the midsole around the spheres. Trampoline devices 
incorporated into the heel region of shoes have been attempted, but cost and appearance factors have limited the use 
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of this concept. Various gels and gases have also been incorporated into rradsoles In an atterrpt to enhance and pro- 
long cushioning and energy return. However, soles incorporating gels or gases such as air are costly to manufacture 
and relatively unpredictable In their functional characteristics. 

[001 0] Mkteoles have also been constructed of a shell of a thermoplastic elastomer designed to encapsulate and pro- 
5 tectlow density synthetic foams such as polyether, polyurethane or polyester polyurethane. Increased rigidity along the 
periphery of the sole is provided by convolutions in the shell material along the edge of the sole. Plugs of denser foam 
are still incorporated into the main foam component where more rigidity in the inner foam component is desired. More- 
over, such shells are generally made by blow molding the thermoplastic material. Blow molding involves costly molds 
- which BmH the size, and number of design changes, Additionally mold costs become a significant factor when the 
10 number of shoe sizes for each shoe model is taken into account This is reflected in higher sole unit costs. Thus, shoes 
manufactured by blow molding techniques are limited to higher priced shoes although the gain in performance over tra- 
ditional sport shoes employing foam rrtidsoles is not particularly significant since the interior of the shell sole is still com- 
posed of foam which breaks down and loses its cushioning effect in a relatively short period of tima Because of the cost 
involved in manufacturing such soles, their use has been limited primarily to heel components. Accordingly, shoe sole 
15 components are desired having improved performance and cost effectiveness. 

[001 1 ] The present invention is a shoe sole component comprising a sole component body member constructed from 
a finable high polymer resin. The sole component is characterized by a top foot-platform member which can be directly 
or indirectly connected to a shoe upper. The component further comprises a corresponding bottom member which can 
be used either as the ground contacting member or for attachment to an outsoie material. Internal support members for 
the sole component are provided by indentations in one or both of the top and bottom members. The indentations 
extend into the interval between the top and bottom members and can contact or bridge with the opposite component 
member. The support members formed by the indentations in the flexible sole component material provide flexible 
resistance to compressive forces exerted on the sole component The component can also include a wall member coex- 
tensive with the top and bottom memoers. 

[0012] The shoe sole component can be constructed through molding sheets of plastic resin in molds configured to 
form shapes for incorporation into shoe soles and with protrusions to provide the indentations in the material for the 
support members. One mechanism for forming the sole component of the present invention is through thermoforming. 
Generally, thermoforming is a process of shaping plastic resin by heating a sheet or film of the plastic to a tenperature 
at L ^ 18 suffldent,v P ,iab,e t0 be shaP* 1 lnto * desired form and then forcing the material into a one-sided 
mold. The sole component of the invention is preferably constructed by (1) heating a first thermoplastic sheet to its form- 
ing temperature. (2) heating a second thermoplastic sheet to its forming temperature. (3) forcing the first thermoplastic 
sheet into a first mold configured to provide an upper sole component half having a top foot-platform member and forc- 
ing the second thermoplastic sheet into a second mold configured to provide a lower sole component half having a bot- 
tom member, and (4) joining together the two molded halves by bonding, gluing, welding, fusing, coupling or the like. 

halves are configured to indent either or both of the top and bottom members at selected points to provide 
internal support members. A particularly preferred construction method is to close together the mold halves whale the 
matenai is at its forming temperature such that the sole component halves are fused or welded together at their contact 
points. 

[001 3] The support members can be thermoformed into a variety of shapes and sizes to provide specific areas of 
differing degrees of flexibility for stability and cushioning. For example, inwardly directed indentations can take the 
shape of conal-shaped pins which extend from either the top or bottom member and engage the opposite member The 
pins can be grouped closer together where greater resistance is required for areas where a foot exerts the greatest 
pressure such as in the forefoot and heel regions of the sola Pins can be grouped further apart or replaced by larger 
support members in weight bearing areas to increase cushioning. Support merrfcers can also be provided by indenta- 
tions from the top foot-platform member extending into and contacting a corresponding indentation from the bottom 
member. The corresponding indentations can be fused or welded together during the thermoforming process to provide 
an internal support member combination bridging the top and bottom members of the sole component 
[0014] In addition, forming the sole component from two sheets of thermoplastic resin allows the sole component to 
be constructed of two different materials having different properties to create a variety of functional responses difficult 
to adiieve through the use of only one material. For example, the bottom member can be constructed of a thermoplastic 
which is thicker, and accordingly stiffer, while the top member is constructed of a thermoplastic which is thinner and 
more flexible. In addition, support members constructed by corresponding indentations extending from the top and bot- 
tom members made of different materials can provide support members having dual properties. For exarrple. the lower 
portion of the support member provided from the stiffer thermoplastic material will provide a staffer support member 
portion and thus will provide greater resistance to forces exerted on the bottom portion of the sola The upper portion 
of the support member constructed from the indentation of the thinner, more flexible material will exhibit greater flexibil- 
ity, and accordingly provide more cushioning in response to pressures exerted on the top member of the sole corrpo- 
nent. By varying the shapes and sizes of the support members and the properties of the thermoplastic materials 
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employed, the designer can control stability and cushioning characteristics throughout the sole component. 

™nJ^. a 8idGView0fan ath,etic a *** component according to one embodiment of the present 

FIG. 2 is an exploded view of the athletic shoe shown In RG. 1. 

FIG. 3 is a top plan view of the sole component embodiment shown in FIG. 2. 

FIG. 4 is a bottom plan view of the sole component embodiment shown in FIG. 2. 



RG. 6 is a cross sectional view of the sole component embodiment taken along line 44 in RG. 2. 
FIG. 7 is a cross sectional view of the sole component embodiment taken along line 5-5 in RG. 2. 
20 i^nJon* PerepeCtiVe VieW 01 unjoined internal su PP° rt membere **°«*iig to one embodiment of the present 

FK3. 9 is a perspective view of joined internal support members illustrated in RG. 8. 
x nG - 1 0 « a perspective view of one embodiment of the present invention showing a cup sole embodiment 
RG. 1 1 is a schematic illustrating a twin-sheet thermoforming process. 

RCUi 2 is a perspective partial cutaway exploded view of a sole component mold, corresponding lower sole com- 
ponent portion and outsole members according to one embodiment of the present inventSn. 



30 

f ^, r l*%T^ V6 J e " ° f - the ,0werhaHofthe 8016 component with oirtsole members according to the 
embodiment of the present invention shown in RG. 12. * 

« £!o"int!^n^^^^ 

ana in locking engagement with sole component material. 

S,!on^ 

KMT? ^ * S *' e Cf ° SS 8ec * l0na ' v ' ew °* * ne 8 ' 10e Wer and sole component attachment means illustrated in FIGS. 

RG. 20 fee i top plan view of a sole component according to one embodiment of the present invention ehowino the 
corresponding attachment means illustrated in RG. 19. 8now,n9 me 

RG. 21 is a side cross sectional view of the shoe upper and sole component attachment means shown in RGS. 
RG. 22 is a perspective view of the top and bottom shoe sole components joined together according to a second 
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preferred embodiment of the invention. 

RG. 23 is a perspective view of the inwardly directed indentations and hemispherical inserts In the heel portion of 
the bottom member of RG. 22. 

5 

RG. 24 is a perspective view of a portion of the shoe sole components of FIG. 22, with inserts adapted to be 
inserted in the inwardly directed indentations of the bottom member. 

RG. 25 is a section view of the shoe sole components of FK* 22, with a hemispherical shaped insert-positioned 

10 

in an inwardly directed indentation in the bottom member. 

[001 5J The present invention is a shoe sole component made of a flexible high polymer plastic resin. The sole com- 
ponent can comprise the entire shoe sole or a portion of the sole such as a midsole, heel section, arch section or fore- 

75 foot section. Depending on how the component is used, the component's general shape is configured for incorporation 
into a shoe sole. For example, if the sole component comprises the entire shoe sole, the conponent is configured to 
cooperate with a shoe upper, e.g., the sole is shaped to match and to accommodate a shoe upper. If the component 
comprises a portion of a sole the component is configured to cooperate with the other portions of the sole to complete 
the sole. For example, the sole conponent can form the heel portion of a sole in conjunction with other sole materials 

20 such as traditional ethylene-vinyl acetate copolymer (EVA) foam midsole portions and outsole materials. If the sole 
component is a midsole. the midsole is configured to accommodate a shoe upper and an outsole. 
[0O16] The sole component generally consists of one or more high polymers, generally synthetic which can be 
molded or formed by heat and pressure. Preferably, the high polymers are thermoplastic polymers or thermoplastic pol- 
ymers which can be made into thermoset polymers following molding. The polymer is formed into a body member con- 

25 figured for use as a shoe sole or as a portion of a shoe sola Regardless of the specific role of the sole component, the 
body member generally comprises a top foot-platform member and an opposing bottom member. The top foot-platform 
member is the surface of the body member oriented towards the shoe upper. Other various intermediate materials can 
be disposed between the top member and the upper. The body member further comprises a bottom member which is 
the portion of the conponent body member oriented towards the ground-contacting portion of the sole. The bottom 

30 member is in at least partially coextensive relation to the top member. The coextensive relation between the top and 
bottom members defines corresponding portions between the top and bottom members. Moreover, the top and bottom 
members are disposed in at least partially spaced relation to each other. For example, where the body member is to 
function as a sole or midsole component the top and bottom members are spaced apart in a generally parallel planar 
relationship from the heel region through the mid section of the component However, as the top and bottom members 

35 extend through the forefoot region, the members can taper towards each other and eventually meet. In any event, the 
members are at least in partially spaced relation to one another such that the spaced relation defines an interval 
between the top and bottom members. 

[001 7J Disposed in the interval between the top and bottom members are a plurality of support members. The support 
members are comprised of inwardly directed indentations in one or both of the top and bottom members. The indented 

40 portions of the body member extend into the interval to a point adjacent the corresponding portion of the opposite mem- 
ber. Adjacent as used in describing the present invention means that the indentation extends to a point which is at least 
proximate the corresponding portion of the opposing member and can be engaged with the opposite portion. The 
engagement can be fixed or non-fixed. In one embodiment of the present invention, one or more of the support mem- 
bers are fixedly engaged or are joined to the corresponding portion of the opposite member to retain the top and bottom 

4$ members in their coextensive and spaced relation. In another embodiment of the present invention, the top and bottom 
members can be retained in their spaced and coextensive relation by coupling members extending between the top and 
bottom members. In this instance, support members can be in a fixed or non affixed relation as design criteria indicate. 
[0018] In another embodiment of the present invention, the body member further comprises a wall member which is 
coextensive with at least a portion of the periphery of the top and bottom members. In this embodiment, the wall mem- 

so ber can join the top and bottom members to retain the members in their spaced and coextensive relation. Moreover, 
where the wall member is continuous along the periphery of the top and bottom members, the cooperation among the 
top, bottom and wall members serves to define a shell having internal support merribers formed from inwardly directed 
indentations extending into the shell interior and adjacent to corresponding portions of the opposite member. 
[0019] As indicated, the support members are integral portions of the sole component comprising inwardly directed 

55 indentations in the polymer materials forming the top and bottom members of the sole conponent. The support mem- 
bers provide mechanical levers which provide a controlled collapsing of the material to create areas of cushioning and 
stability in the component. Th support members are configured to extend into the interval between the top and bottom 
members and adjacent the opposing corresponding portion. The indentations can be formed in one or both of the top 
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10 s^p^ 

force without cracking or breaking i SlTSTS , T"'^^^ 

con^SSo^e^^Sr^^"* "l"^ Wnner ma,eriate for "^"9 the sole 
franWit TO^^Ta «^ rt ^L ^2!"^ ,,y ' wH nave a hardness ranging 

««= JTull'i a scale ip to about 55 on the Shore D scale (ASTM D 2240) Other Dreferred eharartorie 

and (9)Lt ^S^^'S^Z^JS^^T 0 ^' (8) tocdorthe materia. 

^t^^^^T^^^,^ 0 "' A thermoset resin once set <> r cannot be Start 

K«£"o^ 

« bonates. C^T^SS^bS^S^^^ Styrene - Ce,lu,osics and P 0 ^" 

partcularly pretared mirtS^S^J^ P ° lyethy,ene - P^VP^Pylene and polyurethane Examples of 

InX ^ ,nV8rt,0n *** P°^^ ^ons^pZsters. 

> ing eaS good KJXEXTEI^TH Mf h "2!l2!2 B ~* ^ ^"^stance, cement- 
[0030] Propert.es of representative Elastollan® polymers are provided in the table below. 
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15 



20 



PROPERTY 


ASTM 


UNITS 


GRADES 








1190A 


1154D 


1154D 


Specific Gravity 


D-792 


gr/cc 


1.13 


1.16 


1.19 


Hardness 


D-2240 


Shore D 


4212 


53±2 


73±2 


Tensile Strength 


D-412 


. MPa 


32 


40 


40 


Elongation @ Break 


D-412 


% 


575 


460 


350 


Abrasion Resistance 


D-1044 


mg 


45 


75 


75 



[0031] Nylons exhibit good tensile strength and thus can be molded thinner. In addition, they have low density, and 
m ? 3nd 900d,lexlifeAn e^'e of a preferred nylon polymer for use in the present invention 
is Zytel 714 manufactured by El. DuPontde Nemours & Co.. Wilmington. Delaware. Representative properties of Zytel 
714 are provided in the following table: 



PROPERTY 


ASTM 


UNITS 


ZYTEL 714 


Specific Gravity 


D-792 


gricc 


1.02 


Hardness 


D-2240 


Shore D 


55 


Tensile Strength 


D-638 


MPa 


27.2 


Elongation <§> Break 


D-638 


% 


260 



T?i 'y eSters exhtort 900d '""density, cementing ease, tensile strength and elongation. An example of preferred 
polyester polymers are various polymers of the Hytrel series of thermoplastic elastomers manufactured by E I. DuPont 
d *" eV T r ? Co ™ pa " y - P 01 ^ are btock copolymers of polybutylene terephthalate and long-chain poly- 
ether glycols. Properties of representative examples of Hytrel polymers are provided in the following table- 
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PROPERTY 


ASTM 


UNITS 


j GRADES | 








4056 


5555HS 


G-4774 


Specific Gravity 


D-792 


gm/cc 


1.16 


1.16 


1.20 


Hardness 


D-2240 


Shore D 


40 


55 


47 


Tensile Strength 


D-638 


MPa 


28 


40 


20.7 


Elongation @ Break 


D-638 


% . 


550 


500 


275 



«, !?^ 3 L P0, K yam S eS exhibit 900(1 tear *" n * h ' hiflh resili ence. low density, good flex life and clarity. An example of a 
^SS^ T j S ^ manufactured «* Atochem - ^is. France, which is a polyether block amide ther- 
moplastic elastomer. Properties of representative Pebax polymers are provided in the following table 
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PROPERTY 


ASTM 


UNITS 


GRADES 








533 


4033 


3533 


Specific Gravity 


D-792 


gm/cc 


1.01 


1.01 


1.01 


Hardness 


D-2240 


Shore D 


55 


40 


35 


Tensile Strength 


D-638 


MPa 


44 


36 


34 


Elongation ® Break 


D-638 


% 


455 


485 


710 



[0034] Another example of a preferred polymer is Surlyn, manufactured by E.I. DuPont de Nemours and Company. 
is Surlyn is an ionically crosslinked thermoplastic polymer (ionomer) of ethylene and methacryiic acid copolymers which 
exhibit good tear strength, low density, and good flex life. Properties of Surlyn ionomers are provided in the following 
table: 



20 



PROPERTY 


ASTM 


UNITS 


GRADES 








9020 


9450 


Specific Gravity 


D-792 


gm/cc 


0.96 


0.94 


Hardness 


D-2240 


Shore D 


55 


54 


Tensile Strength 


D-638 


MPa 


26.2 


21.4 


Elongation ® Break 


D-638 


% 


510 


500 



30 

[0035] As stated, the description of properties of specific polymers is for the purpose of illustrating the types of poly- 
mers having desirable properties for use in the sole components of the present invention. Many other polymers with 
similar properties are suitable for use in the present invention. Moreover, the data provided is based on available infor- 
mation and cannot be used for direct comparisons among polymers or for guiding precise design specifications. For 

35 example, ASTM testing permits alternative methods for developing property data. In addition, other ingredients added 
to polymers, such as fillers, reinforcing agents, colorants, etc.. can cause variations in properties. 
[0036] A preferred method of constructing the sole component of the present invention is to mold sheets of a flexible 
high polymer plastic resin to form upper and lower sole component halves and then joining the halves to complete the 
sole component Preferred materials, as stated, are sheets of flexible thermoplastic resins which can be heated and 

40 molded into desired sole component shapes. An example of a particularly preferred thermoplastic sheet material is 94 
Shore A thermoplastic polyurethane sheet such as is available from Argotech, Inc., Greenfield, Massachusetts. Sheets 
are generally about 0.010 inches thick. The thickness of the sheet is selected according to design criteria, but will gen- 
erally range from about 0.040 to about 0.100 inches depending on the particular material properties. For example, par- 
ticularly preferred thicknesses for 94 Shore A thermoplastic polyurethane ranges from about 0.060 inches to about 

46 0.080 inches. 

[0037] In one embodiment of the present invention, a sheet of a first flexible thermoformable material is heated to its 
forming temperature and then molded in a corresponding first mold configured to form from the material an upper sole 
half having a top foot-platform member. A sheet of a second flexible thermoformable material is heated to its forming 
temperature and molded in a corresponding second mold configured to form from the material a lower sole component 

so half having a bottom sole component member. The molds are further configured to provide indentations in one or both 
of the top and bottom members formed from corresponding protrusions in one or both of the molds. For example, Figs. 
3-5 show molded but unjoined sole component halves wherein the upper sole component haff 40 and lower sole com- 
ponent half 41 mirror the respective upper and lower molds having a plurality of indentation forming protrusions. Once 
molded, the upper and lower sole component halves are cooled sufficiently for removal from the mold and are then 

55 joined together such as by gluing, fusing, welding, coupling with separate coupling members such as rivets and the like, 
or by other suitable attachment means. 

[0038] One advantage of the construction method of the present invention is the ability to use two different materials 
having different properties to create a variety of functional values not possible with one material. For example, the sole 
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component can be constructed of materials having different thicknesses. Moreover the shapes used to create t,,nr«nn 

a ^Z^^£ST "f^" 9 **** ^ ^O" 81 «*"y operations. For ZnpS 
c^d^Jl^S^S^ <^0"*«*nfl the sole component of the present invention trough the use ofsp* 
ciaiiy designed twin-sheet thermoforming molds and techniques. 

!S, ^T^^" 9 !" ? eneral is a P" 50688 <* ^ina thermoplastic resin by heating a sheet or film of the clastic 

neam^inematena! to the highest temperature at v^ich it still has enough rwtst/erjoth to be handled vetishai»»«» 
SITZT^ * e material - Preferab, » -ave a JtSSSSjE to^SIe 

forcSinto^TJ^ 01 ^ ^ ™ e ma,eria ' 84 te terrpeZeSn da^pX te 

SI5L T rH" Sh !f t 1hermo,ormin 9 « Particular uses two sheets of material heated to their forming temoeratures the 
^ h^e^ri^r 8 tOM Z *™ ^ 3 --pondSSS'^e 

Sfn^dfons^St^ 

SS^ll" ad ^ ,,0n L POi^,8 01 COntaCt 08,1 1,6 betvreen responding indentations. 

eTeto rTiJ^II^ iTw 2 *?r formin9 ,he 5006 80,6 convonent fe generally by refer- 

teTC6 ^ ,le)dbll,ty 080 be engineered into the sol to meet specific requirements. For example, in 
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S^r^J^' TT*" * <* *• *P ™«*>" and a thinner, more flexible 

Z« ^Z^«lt memb8r - Th8 Upp6f P*" the top member from a suffer 

wo^n^ ™ ? ^ PP6 , r P ' n P 0 ^"- The lower P in m «*er extending from the bottom sole member 
SfP^V ™ e ,teQble . 'ower awort member. Consequently, cooperating support members are X 

. e tte wLTSnT« ^i!l!^ r rK POnert ,ndUdeS 8 Wa " member ' the wal1 member 030 06 'ormed from two material, 
i.e.. the wall can be split between the upper and lower sole component halves. 

5J! erm * ming 8180 ° ffefS "fc^ 0 "* 1 advantages. Thermoforming is efficient and cost effective Blow moldina 
aTeSnoSS Sr^S^ 568 10 a " ttie ^ sizes of right and left soTSx^ moS £££ 
rmeTln^ST^S ™ efmofor ^ n 8 "•»* P*™» a sole unit per mold time advantage of at leastStaTlO 
nS«^2Si5! ^ ,nfl can use only 1 - 4 molds per cycle. The entire sole size range of approximately 36 
S l^TtheT^l 0 " 8 fiT * e *««***<<** P^ess can utilize lalate^m^Xh 

SofS^o^Sl ?!f^f 6 form " 19 - ™ S P*" 1 " 8 Wah P recfei on graphics and unlimited color use four- 

MmTT!^!?^ """A P«»s does not stretch the hot plastic nearly as much as blow moldhg. Limiting 

SnTrn^ 9 S^"* """P"" 9 - S*"**"* also affects the consistency of the material's ttiicCs 
which in turn affects the consistency of the sole component's function ' 

Krn^suS rSdSflSS"* ^ 10 3 nUmber 01 aHernaBwe desi9n The interval can con- 

trad * onal EVA foam, as consumer or user demands might dictate. One or more recesses such as 

be into ^ sofe ccn^Ent to provide r£££E££lS 

nltol^Z^ P ^ Ud ' n9 fr0m outsole materials to a«aoh an outsole to the bottom member of the sofe coiiwj 

^ ■ , lT matenal 27 ** ** ,ower 80,6 component half is molded around protrusions 26a extendi™ 

TZSEZS-TZ' l ° Ckin9 th8 00,80,8 m "*" M into «* component as wSS^miSSm £ 
indentations 28 in locking cooperation with the outsole material 26. Referring toFtas. 14-1 5 icuum ^ 

r tV ?* 6 app,ied vacuum P ressure to P"" hot sole component materia S3Se pn> 
£ ^ ° Ut ! C l! ma,enal - nfl - 1 5 illustrates an alternative embodiment whereinVpluraTof proSonsoSS 
ISeiZ; ri" 10 * 1 - ^ can be appfied to the ouJeZtS K to^X"£ 

m^^f^T ^ DetWeen 1,19 80,6 com P° nent and the outsole material. The indentations housing the outsole 
material can also functon as si*port members. In a preferred embodiment the outsole would cover irStiorTS 

Sd ^^^J^TJTT 080 b6 attacned to an upper in a variety of ways as well. One traditional 
iSmr , 6 10 UPP6r - ^a^ming. however, lends itself to particularly advantageous 
"I*™ 5 f r attachin 9 409 8016 component to an upper. For example, cementless attachment mechanismsind?xfea 

EESE? Sn !^??i it int ° reCepteC,eS ** the 

E^JSl!*/* memb f o'toesdewould bethermotbrmed with receptacles around the periphe^oTme «mw 
S^1SS7££ deSi9 ^ to aCCePl one-way snaps mZStfElSflZ *e 

SiSS?^ 5!£"!? iS ^ wnerein ^ ^aceptacles 51 are positioned along the peripS™ 

way^sV^i^^ 

waysmp^sa posrtwned along ftepenphery of the lower surface of the shoe upper to correspond to the lcx»tion of ttve 

ItZ'S 2 ^rf" r* 0 *™ ""^ a 'ocWng^Ze. 54 is^il 6 
^nTd,^^ w, .h^ membe l of tof 80,6 50 along its periphery and a corresponding lipped rib member 55 
s^eTtoTesoT 8U * Ce ^ th8 8006 WS ^ 71,6 lip is in ^ locking Sannel to^rCto 

[0047J A second preferred embodiment is shown in Flos. 22-25 In the second nroforroH on^im^ 

1^^^^ indentatk5nS - toe top and bottom^^ ha£ a^s^ S shSt^ in SaT 

^^^TZ^T^T "1 ^ m8mberS 8/6 8 Plura,i * - ^ di '«** iiel- 
inrt 0 nteL« Pjwiaea im wnal support to the shoe sole component structure. As indicated above, one or more of 

S^ i rS 8 ^' ^ preferred ambodiment. the diameter T^ZSZt 
an7b^^Sir y b6 l !T ner8 from approximately 1/8" to 1/2". The hemisphere-shaped indentations Snetot 

SSsT^e^SS^lS S 2 ^ ™ y 68 j0,ned t098,her ua ' n9 =e or oth^earT ^ 
[0048] The hemisphere-shaped ,ndentatK)ns in the top and bottom members preferably are formed from sheets of 
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" ^12T er ^ re f n can be heated and molded into these sole conponents. The hemisphere- 
shaped irrigations are integral portions of each sole component to provide a controlled collapsing of the matoMand 
thereby create areas of cushioning and stability as desired in the shoe sole. 

IE r^J2? iCant ^^J? the hemisphere sna f )e for dentations in the shoe sole structure is improved 

ISKESISS 1 ^* ^ eTh hemfepher ^s better resistance to cracking when subject to Z££ 

S^fS^ ^JT"**' ^ x*™**^ °* hemisphere-shaped indentations include better perftZnce 

SSlZX^^SSl fof and in W P^on- and reduction in stress arxl\SnTK 
material used fa the top and bottom sole portions. 

JJ^° ] • Hemisphere shape has the advantage of a smooth load definition curve, increasing the perceived comfort 
l^T^^ iti0na,lyi ^'^^ape minimizes the induced str2Les anWnsT^ 
matenal from which the indentation is made Consequently, indentations using the design of the hemisphere are more 

tZS^STZ? memb6re 01 d66i9n8 made from *» same rnaterial. T*^HK?ZI 
Sn^ ^ P ^ ntat ' 0n !I nhanCeS th6lifeofthe ^"'"9 "ambers and controls cushioning and SSt wrtZt 
tSSSSESi ^ ^XT" me top and bottom members, or to inject air or son* oSJgas aS 
into the interval between the top and bottom members. a 

Ktt^ ^ 22 hen *P^ ha P* indentations may be combined with other indentations in the top 
and bottom members to provide cushioning characteristics as needed for different activities. For example the forefoot 
may u^ herrosphere shapes as we., as ribs to provide cushioning characteristics different 

ITSr a^SZiiS: ? * F**?T y I 20 ***** eXtends tnrough tQ P "^^^ 106 - »>«* provides a passage- 

2r ^tv^^l^- "^J* "t* indudeS a top platform member and bottom platform 

ESiSlSw T aKlly * reCted indentetions 109 •* ^ hemispherical in shape. Preferably, the 

S Nr^'^ ? T indentati0nS in a 9enera "y circular Pa«em. or donut-shaped configuration. 
fJflL No * "-efemng to Rg. 24. one or more indentations 109 in bottom member 107 are adapted to receive inserts 

I Z ISSk'ZlT*'. ^ Sh0 T ' m Ra 24 ' 8BCh « 106 inserte b « a hemisphere-shap^X ^ ! 7 thl 
Sit h*^ lndenteh ' 0nS 5 * e *»" member - Preferab, y- » a heSSphere-sfap^ rubba 
S^SnS^L 18 haVin9 a conical ^ ^ to in serted into other indentations, suchas conical- 
shaped indentations in the bottom member 107. w*mwu 

I005 5. « w W r !! 6rrrin9 10 Fifl - 2Sl inserts 117 P rovid e an abrasion resistant fractional surface for contact with the 

^J^t^LT- 1 ^T 8 ^ te conespc^ndentati^. J^^JJS 

^ ^ cushioning characteristics of the shoe sole component 

So^^Sf * e n ^ i ^ encal sha P ed inserts may be attached together using the web-like structures 1 10. 

™^^JT*** * tramp ° line - |n<e •*« *• "eel portion of the shoe. The 

trMrad J truc,uremaybeformedofthe8a me plastic of the top or bottom members, or a material softer than the sole 

SSL l me^?r2i^ ment • 5 'T t0 indentatois ^ the top and bottom members using the 

SffJTl!?' * e ,nserts remade or rubber. First, the inserts are conditioned by sandblasting or other 

^"^to^etneeuter surface of the rubber .Then, aprimerand an adhesrveareapplStothe^^sLrS 

^VT^^T™ adhesive - Next ' *• inserts are placed in a mold fm^tJ^S^^Z 
a^Sfh^^ 01 ara heated to a desired tempeLre (prefe^S, S to S 

pSSy^uTair^SS ^fT """J" 88 8h °" n ^ 1 1 " * dfecus8ed • in *• specification, the molds 
mTStl^I anda negative or vacuum pressure is applied to urge the heated thermoplastic against 

^oTh Jl^r * 9 therm ° plasHc 10 m e shape of the various indentations therein. Then, a need* is inserted 
tiirough one or more air passages 120 in the top or bottom members and positive air pressure is orovided to urnl thB 

^e^Tc^ 

. ff/f^^ ^ me snoe so'e component of the present invention does not require a separate outsole 
attached to the bottom member, although a separate outsole may be used if desired In the s^ orSed ^S 

a^eT 6 in^^ m t^ outsole. including traction and abrasionV^ 

S w^Sf™^ ^ 2 lT d , 25 8180 have ^ advanta 8 es °ver a conventional outsole. indudin^CI) 
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[0059] Inserts 1 1 7, 1 1 8 preferably are made of rubber such as SBR rubber and may have hardness anywhere from 
approximately 35 to 95 on the Shore A scale. In a preferred embodiment the inserts are hollow rubber plugs. Preferably, 
each insert has a hollow cavity therein. However, the inserts may be solid rubber plugs or. if desired, may have other 
internal structure for specific applications. As stated above, the inserts may be shaped to fit into various different inden- 
5 tations in the sole structure including hemispherical, conical, or other shaped indentations. The inserts may be attached 
to each indentation by adhesive. Or. as discussed above, during thenmofbrming of the sole, the inserts may be attached 
to each indentation. 

[0060] The indentations and inserts can be adapted to make one part of the shoe sole stiffer in compression than the 
other part of the shoe sole. For example, 9 difference in stiffness for compression on the mddial side 1 14 and lateral 

io side 1 15 can be achieved. Or, a difference in stiffnes for compression on the forefoot and heel of the shoe can be 
achieved. There are a number of different ways to provide this difference in compression. A smaller hemisphere radius 
may be used for the indentations on one side of the shoe sole. Inserts made of a material with a higher modulus of elas- 
ticity may be used in the indentations on one side of the shoe sola Alternatively, inserts with greater wall thickness may 
be used for the indentations on one side of the shoe sola These variations may be used to provide effective pronation 

is control through differences in compression between the medial and lateral sides of the shoe sola Additionally, inserts 
may be added around the periphery of the shoe sole structure if desired. 

[0061] Preferably, the forefoot of the sole structure includes indentations 121 and bars 122 which extend across the 
top and bottom members from the lateral side to the medial side. The indentations 121 and bars 1 22 do not entrap air, 
but allow air to communicate with the interval between the top and bottom members, and to escape through passage- 
20 way 1 20 to provide the desired cushioning characteristics. 

[0062] The foregoing description is tor the purpose of illustrating the invention. Many other variations will be apparent 
to those of ordinary skill in the art and all such variations are encompassed within the scope of the present invention. 

Claims 

25 

1 . A shoe sole structure, comprising: 

(a) a flexible top sheet having a plurality of indentations therein, each indentation including a recess on one sur- 
face of the sheet and a projection on the opposite surface of the sheet; 
30 (b) a flexible bottom sheet in parallel spaced relation with to the top sheet and having an outer periphery and 

a plurality of indentations therein, each indentation including a recess on one surface of the sheet and a pro- 
jection on the opposite surface of the sheet; 

(c) the projections of the indentations in the top sheet abutting the projections in the indentations in the bottom 
sheet; 

35 (d) a plurality of inserts insertable into the recesses of the indentations in one of the sheets; and 

(e) a webbed structure linking the plurality of inserts together. 

2. A shoe sole structure according to claim 1 , wherein at least one of the indentations is hemispherical in shape, and 
at least one of the inserts is hemispherical in shape, the outer surface of the hemispherical shaped insert conform- 

40 ing to the recess of the hemispherical shaped indention. 

3. A shoe sole structure according to claim 2, wherein the hemispherical shaped indentations are in the top sheet 

4. A shoe sole structure according to claim 3, wherein the shoe sole structure comprises a shoe heel portion, and the 
45 hemispherical shaped indentations are in the shoe heel portion of the top sheet 

5. A shoe sole structure according to any of claims 2 to 4. wherein the hemispherical shaped indentations are posi- 
tioned in a generally circular pattern. 

50 6. A shoe sole structure according to claim 5, wherein the plurality of inserts insertable into the recesses of the inden- 
tations are in a generally circular pattern and are attached to the webbed structure linking the inserts. 

7. A shoe sole structure according to daim 2, wherein the hemispherical shaped indentations are in the bottom sheet. 

55 8. A shoe sole structure according to claim 7, wherein the shoe sole structure comprises a shoe heel portion, and the 
hemispherical shaped indentations are in the shoe heel portion of the bottom sheet. 

9. A shoe sole structure according to claim 1 , wherein both the top sheet and bottom sheet have a plurality of hemi- 
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spherical shaped indentations. 

10. A shoe sole structure comprising: 

5 (a) a flexible top sheet having a plurality of indentations therein; 

(b) a flexible bottom sheet having a plurality of indentations therein, the indentations in the bottom sheet abut- 
ting the indentations in the top sheet; 

(c) a plurality of the indentations in one of the sheets having a hemispherical shape; 

. ... (d) a plurality of herpispherical shaped inserts insertable into In? hemispherical shaped indentations and con- 
to forming to the surface of the indentations, and 

(e) a web-like structure linking the inserts to each other. 

1 1. A shoe sole structure according to daim 10, further comprising means for joining at least a portion of the top sheet 
with the bottom sheet, and a cavity between the top sheet and bottom sheet 

15 

12. A shoe sole structure according to claim 1 0 or claim 1 1 , wherein the top sheet and bottom sheet each have an outer 
periphery, and the top sheet is joined to the bottom sheet at the outer periphery of each sheet. 

13. A shoe sole structure according to any of claims 10 to 1 2, wherein a plurality of hemispherical shaped indentations 
20 are arranged in a generally circular pattern, and the inserts are arranged in a generally circular pattern and are 

attached in the weWike structure. 

14. A shoe sole structure according to any of claims 10 to 13, wherein the plurality of hemispherical shaped indenta- 
tions are in the top sheet. 



25 
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15. A shoe sole structure according to any of claims 10 to 14, wherein the plurality of hemispherical shaped indenta- 
tions are in the bottom sheet 
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Fig. 13 
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Fig. 24 
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